METHODS AND DEVICES FOR DEFINING AND INIVRIONG TISSUE 



Bacikground of tfie lnv<>fii^>n 

This invention relates to methods and devices for marking and defining 
particular locations in human tissue, and more particularly relates to methods and 
devices for penmanently defining the location and margins of lesions detected in a 
human breast 

It is desirable and often necessary to perform procedures for detecting, 
sampling, and testing lesions and other abnonnaUties in the tissue of humans and 
other animals, particularly in the diagnosis and treatment of patients with canoerous 
tumois, pre-malignant conditions and other diseases or disorders. Typically, in the 
case of cancer, when a physician establishes by means of known procedures (i e. 
palpation, x-ray, MRI, or ultrasound imaging) that suspicious circumstances exist, a 
biopsy is performed to detennine whedier the cells are cancerous. Biopsy may be ari 
open or percutaneous techmque. Open biopsy removes the entire mass (excisioqal 
biopsy) or a part of the mass (incisional biopsy). Percutaneous biopsy on the other 
hand is usually done with a needle-like instniment and may be either a fine needle 
aspiration (FNA) or a core biopsy, hi FNA biopsy, veiy small needles are used to 
obtain individual cells or clusters of cells for cytologic examination. The cells may 
be prepared such as in a Papamcolaou (Bap) smear. In core biopsy, as the tenn 
suggests, a core or fiagrhent of tissue is obtained for histologic examination whidi 
may be done via a fiiozen section or paraffin sectioa The chief difference between 
FNA and core biopsy is the size of the tissue san^jle taken. A real time or nwrieal 
time imaging system having stereoscopic capabilities, such as the stereotactic 
guidance system described in U.S. Patent No. 5,240,011, is employed to guide the 
extraction instrument to the lesion. Advantageous methods and devices for . 
perfonning core biopsies are described in the assignee's co-pending patent application 
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SN 08/217,246, filed on March 24, 1994, and herein incorporated by reference. 

Depending upon the procedure being performed, it is sometimes desirable to 
completely remove suspicious lesions for evaluation, while in other instances it may 
be desirable to remove only a sanple from the lesioa In the former case, a major 
problon is the ability to define the margins of the lesions at all times during the 
extraction process. Visibility of tfie lesion by the imaging system may be hampered 
because of the distortion created by the extraction process itself as well as associated 
bleeding in the surrounding tissues. Althougji the lesion is removed and all fluids are 
continuously aspirated from the extraction site, it is likely that the process will 
"cloud" the lesion, thus impairing exact recogm'tion of its margins. This makes it 
diflHcult to ensure that the entire lesion will be removed 

Often, the lesion is merely a calcification derived from dead abnormal tissue^ 
i^di may be cancerous or pre-<^cerous, arid it is dairableltBTrem^ 
of the lesion, rather than the entire lesion, to evaluate it This is because such a 
lesion actually senses to mark or define the location of adjacent abnormal tissue, so 
the physician does not wish to remove the entire lesion and ther^y lose a critical 
means for later re-locating the affected tissue. One of the benefits to the patient fix>m , 
core biopsy is that the mass of the tissue taken is small. Howevo*, oftentimes, either 
inadvertently or because the lesion is too small, the entire lesion is removed for 
evaluation, ev«i though it is desired to remove only a portion. Then, if subsequent 
analysis indicates the tissue to be malignant (malignant tissue requires removal, days 
or weeks later, of tissue around the immediate site of the original biopsy^ it is 
difficult for the physician to determine the precise location of the lesion, in order to 
perform necessary additional procedures on adjacent potentially cancax)us tissue. 
Additionally, even if the lesion is found to be benign, thCTe will be no evidence of its 
location during future examinations, to mark the location of the previously removed 
calcification so that the affected tissue may be carefully monitored for fiiture 
reoccurrences. 
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Thus, it would be of considerable benefit to be able to permanently mark the 
location or margins of sudi a lesion prior to or immediately after removing or 
sampling same. Marking prior to removal would help to ensure that the entire lesion 
is excised, if desired Alternatively, if the lesion waie inadvertently removed in its 
5 entirety, maridng the biopsy site immediately after the procedure would enable re- 
establishment of its location for future identification. 

A number of procedures and devices for marking and locating particular 
tissue locations are known in the prior art For example, location wire guides, sudi as 
that desCTibed in U.S. Patent No. 5,221,269 to Miller et al, are well known for 

10 locating lesions, particularly in the breast The device described by Mill» comprises 
a tubular introducer needle and an attached wire guide, whidi has at its distal aid a 
helical coil configuration fi^r locking into position about the targeted lesioa The 
needle is introduced into the breast and guided to the lesion site by an imaging 
system of a known type, for example, x-ray, ultrasound, or magnetic resonance 

15 imaging (MRI), at wiiich time the helical coil at the distal end is deployed about the 
lesion. TTien, the needle may be removed fix)m the wire guide, wliidi remains in a 
lodced position distally abput the lesion for guiding a surgeon down the wire to the 
lesion site during subsequent surety. While sudi a location system is efifective, it is 
obviously intended and designed to be only temporary, and is removed once the 

20 siirgeiy or other procedure has been conpleted 

Other devices are known for marking external regicMis of a patient's skin. For 
example, US. Patent No, 5,192,270 to Carswell, Jr. discloses a syringe which 
dispenses a colorant to give a visual indication on the surface of the skin of the point 
at wWch an injection has or will be given. Similarly, US. Patent No. 5,147,307 to 

25 Gluck discloses a device which has patterning elements for impressing a tonporary 
mark in a patient's skin, for guiding the location of an injection or the like. It is also 
known to t^ or othoivise adhere a smaill metallic marker, e.g. a 3 millimeter 
diameter lead sphCTe, on the skiii of a human breast in orda* to delineate the location 
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of skin caJcifications (see Homer et al. The Geogmphic Ouster of Mcnxdcifications 
of the Breast, Surggry. pYnfTObgY. <fe ObsTemcs December 1985), Obviously, 
however, none of tJiese approaches are useful for marking and delineating internal 
tissue abndnnalities, sudi as lesions or tumors. 

Still another approach for marking potential lesions and tumors of the breast is 
described in as. Patent No. 4,080,959. In the described procedure, the sidn of the 
portion of the body to be evaluated, such as the breaste, is coated with a heat 
sensitive color-responsive chemical, after which that portion of the body is heated 
with penetrating radiatidn such as diathermy. Then, the coated body portion is 
scanned for color changes which would indicate hot spots beneath the skin surfeoe. 
These so-called hot spots may represent a tumor or lesion, which does not dissipate 
heat as rapidly because of its relatively poor blood circulation (about 1/20 of the 
blood flow through nomial body tissue). This method, of couise, functions as a 

temporary diagnostic tool, rather than a pemianent means for delineating the location 
of a tumor or lesion. 

A method of identifying and treating abnormal neoplastic tissue or pathogens 
within the body is described in U.S. Patent No. 4,649,151 to Dougherty" et al. In this 
method, a tumor-selecdve photosensitizing drug is introduced into a patient's body, 
where it is cleared fiiom nomial tissue faster than it is cleared fixjm abnonnai tissue. 
After the dnig has cleared nomial tissue but before if has cleared abnomial neoplastic 
tissue, the abnormal neoplastic tissue may be located by the iuminescence of the drug 
within the abnonnai tissue. The fluorescence may be observed with low intensity 
ligjit, some of which is within the dnig-s absortance spectrum, or higher intensity 
light, z portion of which is not in the drug's absorbance spectrum. Once detected, 
the tissue may be destroyed by further application of higher intensity light having a 
frequency within the absorbance spectrum of the drug. Of course, this method also is 
only a temporary means for marking the abnormal tissue, since eventually the drag 
will clear from even the abnormal tissue. Additionally, once die abnormal tissue has 
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been destroyed during treatment, the marker is destroyed as well. 

It is also known to employ biocompatible dyes or stains to mark breast lesions. 
First, a syringe containing the colorant is guided to a detected lesion, using an 
imaging system. Later, during the extraction procedure, the surgeon harvests a tissue 
sample fit»m die stained tissue. However, while such staining techniques can be 
effective, it is difficult to precisely localize the stain. Also, the stains are difficult to 
d^ect fluoroscopically and may not always be permanent 

Additionally, it is known to inplant markos directly into a patient's body 
using invasive surgical techniques. For example, during a coronaiy artay bypass 
graft (CABG), which of course constitutes open heart suigety, it is common practice 

to surgically apply one or more metallic rings to the aorta at the site of the graft 
this enables a practitioner to later return to the site of tfie graft by identifying the 
rings, f<M- evaluative purposes. It is also common practice to mark a surgical site with 
staples, vascular clips, and the like, for the purpose of firture evaluatioii of the site. 

A technique has beeai described for the study of pharyn^ swallowing in 
dogs, which involves pennanently implanting steel marker beads in the submucosa of 
the pharynx (S.S. Kramo- et al, y4 Permanent Rcdiopaque Mcricer Technique for the 
Study of Phaynged Swallowing in Dogs, Dysphag ia, Vol. 1, pp. 163-167, 1987). 
The article posits that the radiographic study of these marker beads during 
swallowing, on many occasions over a substantial period of time, provides a better 
understanding of the pharyngeal phase of degluitition in humans. In the described 
tedinique, the beads were deposited using" a m«al needle cannula having an internal 
diameter slightly smaller than the beads to be implanted. When suction was applied 
to the cannula, the bead sat firmly on the tip. Once the ball-tipped cannula was J 
inserted through tissi^ the suction was broken, thereby releasing the bead, and the 
cannula withdrawn. 

Of course, this technique was not adapted or intended to mark specific tissue 
sites, but rather to mark an entire region or structure of the body in order to evaluate 
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artatomical movements (i.e. swallowing motions). It also was not intended for use in 
humans. 

Accordingly, what is needed is a method and device for non-surgicaily 
implanting potentially pemianent markers at the situs of a lesion or other abnoimal 
tissue, for the puipose of defining the margins of a lesion before it Is removed and/or 
to establish its location after it has been removed The mariceis should be easy to 
dq5loy and easily detected using state of the art imaging techniques. 

Summaiv of tfie Invt^nt^^p^ 

This invention solves the problems noted above by providing an inplantable 
device which is particularly adapted to marie the location of a biopsy or smgciy for 
the puipose of identificatioa The device is remotely delivered, preferably 
percutaneously. Visualization of the marker is readily accomplished using various 
state of the art imaging systems. Using the invention, it i? possible to peimanenUy 
marie the location or margins of a lesion or other tissue site, prior to removing or 
sampling same. The maricers function to provide evidence of the location of the 
lesion after tfie procedure is completed, for reference during fiiture examinations or 
procedures. 

More partlculariy, a device is provided for maricing tissue within a human 
body to identify a selected location for a diagnostic or therapeutic procedure. The 
device comprises a marker element and an apparatus for remotely delivering the 
maricer element from outside the human body to the selected tissue location. Since, 
with remote delivery (e.g. percutaneously) direct visual access Is not possible, an 
aided visualization device is used, such as an imaging system, an endoscope, or the 
like. Deployment of the maricer element is such that it becomes implanted in the 
tissue. 

The delivery apparatus preferably includes a member, which may comprise a 



BEST AVAILABLE COPY 



7'" ■ ■ . ■ ' 

mbe, such as a needle, camula, or mxar, of any knovvTi t>pe for delivem 
medications, surgical equipment, or other items to the interior of a patienfs body. 
The member may also be the body of an optical instnmient such as an endoscope, 
laparoscope, or aithroscope. In the prefored embodiment, a biopsy needle or gun, 
such as is often used to extract tissue for examination in a biopsy procedure, is used 
in conjunction with the marking device, comprising a portion of the delivay 
apparatus, in order to provide a means for entering the patienfs body and positioning 
the marker element at the selected tissue location. However, in other embodiments, 
the marking device is self contained, having a means itself for obtaining enliy to the 
body, and being guided by a commercially available guidance system, such as a 
stereotactic guidance system. 

Hie aforementioned member or tube, which typically comprises a cannula or 
needle having a lumen, has a distal end portion or region and a proximal end portion 
or region, and is adapted to extend through the body. The distal region is adapted to 
retain and dqjloy the marker element and the proximal region is linked to the distal 
region, so that predetennined maiker deployment functions may be communicated 
fiom die proximal region to the distal region. In some embodiments, these 
deployment functions are communicated by means of the marker elements themselves 
travelling through the lumen for deployment from the distal region. In other 
embodiments, an actuator extends axially through the lumen to communicate 
dqjioyment functions to the maiker element held on or by the distal region. The 
apparatus is preferably guided to the selected tissue location, i.e. the site of the 
detected lesion or other abnormality, using a stereotactic guidance system or similar 
imaging system. 

Several alternative embodiments of the marking device are disclosed. In one 
embodiment, the distal region of the tube includes a forming die, which is adapted to 
form each maiker element into a predetennined shape, preferably a helix, a$ the 
maiker element is deployed from the lumen. In a number of alternative embodiments. 
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a mechanism, such as a mandrel, is used to push the marker elements through the 
tube. The marker elements nay comprise a pre-fbnned spring having a 
predetermined shape, which is compressed into a linear position wit^ 
lumen- Upon deployment frorii the lumen, the spring is adapted to expand and 
Bssmt its predetennined shape to such an extent that the energy of its expansion is 
sufficient to implant the maiker element into the tissue at die selected tissue locatioa 
In some embodiments, implantation is accomplished because the maricer elements 
have a plurality of attachment elements, each having a tip end (sometimes sharpened) 
^vhich expands outwardly with sufficient energy to embed and anchor itself into the 
tissue at the selected tissue location. In other embodiments, the marker dement has 
blunt, rather than sharpened edges, but is adapted to expand sufficientiy tqwn exiting 
from the tube that its edges press radially against the selected tissue, thereby wedging 
and inqjlanting the marker element 

In yet anodier embodiment of the invention, the tube lumen is adapted to 
recetve a dqjiqyment actuator connector, or center wire, which extends axially 
through the lumen. The connector includes a distal portion which extends distally of 
the tabe and a proximal portion which extends proximally of the tube. Ihe proximal 
portion is attached to a deployment actuator, such as a pull ring, while the distal 
portion is attached to the marker element On the connector, proximal to the distal 
portion, is a predetermined failure point which is adapted to be the weak point on die 
connector by failing first under tension. In operation, once the tube distal region has 
been positioned at the selected tissue location, the deployment actuator is actuated in 
a proximal direction to pull the marker element against the distal region of the tube. 
The tube distal region thus functions as a forming die to cause the marker element to 
bend until it abuts the tube distal region at its junction with the distal portion of the 
connector, such that the marker element is r^nfigur^ to a desired shape. The 
proximal portion of the connector is adapted to be sever^ fix)m the distal portion at 
the predetennined failure point upon the application of continued tension on the 
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deployment actuator after abutment of the maricer element against the tube distal 
region, thereby releasing and implanting the maricer element 

Another important feature of the invention is the ability to utilize marker 
elements having a plurality of shapes. In some embodiments, these shapes may be 
created merely by utilizing different sized material stock or diffbent cross sections. 
This shape diversity pemiits the adoption of a system wherein each shape denotes a 
different selected tissue location or event 

In a prefeiTCd embodiment of the invention, the device is adapted to be 
employed in combination with a medical instniment which transports the device to the 
selected tissue location responsive to positional control by a guidance system. The 
medical instmment preferably draws a vacuum to isolate and retain tissue at the 

selected location in a tissue receiving port The marking device is adapted to deploy 
tfie marker element into the retained tissue. 

Inanotheraspert ofthe invention, a maricer element is provided for maricing 
tissue within a human body to identify a selected location for a diagnostic or 
therapeutic procedure. The maricer element, which is preferably comprised of a 
biocomp^ible, implantable, and substantially radiopaque material, is adapted to be 
deployed to the selected tissue location percutaneously by a delivay instmment, so as 
to become implanted in the tissue. 

A number of different maricer element configurations and materials may be 
employed. Materials may include stainless steel, titara-um, and the like, as well as 

non-metallic materials, such as polymers, salts, and ceramics, for example. In some 
embodiments, the maricer element may actually be fonned into a desired shape by a 
fomiing die in die deliveiy instmment, while in otiier embodiments, it may comprise 
a spring which radially exfmds upon exit from the delivery instrument to embed 
itself in the tissue. 

In yet another aspect of the invention, a method for permanently maricing 
tissue in a human body to identify a selected location for a diagnostic or therapeutic 
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procedure is disclosed, which comprises actuating a deliveiy instniment, having a tube 
with a distal region, to a position wherein the tube extends through the human body 
and the distal region is at the selected locatioa A maricer element is then deployed 
fiiom the tube distal region to the selected tissue location so that it becomes anchored 
in the tissue. 

These and other aspects and advantages of the present invention are set forth 
in the following detailed description and claims, particularly when considered in 
conjunction with the accompanying drawings in which like parts bear like reference 
numerals. 

Brief Pescrintion of rtiA J^t?mfi[tC 

Fig. 1 is a cross-sectional view of a biopsy instniment embodiment as 
described in co-pending patent application SN 08^17.246, configured to be utili^ as 
a preferred instniment for use in conjunction with the inventive tissue maricihg device; 

Figs. 2 and 3 are cross-sectional views illustrating the sequential steps in the 
operation of the biopsy instniment embodiment needed to capture tissue targeted for 
maricing; 

Fig. 4 is a cross-sectional view of one embodiment of a tissue maricing device 
constniaed in accordance with the principles of the invention, illustiating the device 
in a first position in prqaaration for delivering a maricer to tissue targeted for maricing; 

Figs. 5. 6. 7. and 8 are cross-sectional views similar to Fig 4. illustrating 
sequentially the delivery of a maricer to the targeted tissue; 

Figs. 9, 10, and 1 1 are schematic cross-sectional views of an alternative 
embodiment of a tissue maricing device constnicted in accordance with the principles 
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of the invention, illustrating sequentially the delivery of a maricer to the targeted 
tissue; 

Fig. 12 is a schematic cross-sectional view illustrating a thiixi alternative 
embodiment of a tissue maricing device constmcted in acco^lance ^vith the principles 
of the invention; 

Fig. 13 is a schematic cross-sectional view illustrating a fourth alternative 
embodiment of a tissue marking device constnicted in accordance with the principles 
of the invention; 

Fig. 14 is a schematic cross-sectional view illustrating a fifth alternative 
embodiment of a tissue marking device constmcted in accordance with the principles 
df the inventicm; 

Fig. 1 5 is a schematic cross-sectional view illustrating a sbcth alternative 
embodiment of a tissue maricing device constrtrcted in accorxbnce with the principles 
of the invention; 

Fig. 16 is a schematic cross-sectional view illustrating a seventh alternative 
embodiment of a tissue maridng device constnicted in accordance with the principles 
of the invention; 

Fig. 17 is a front elevation view of an alternative maricer element embodiment; 

Fig. 1 8 is a perspective view of another alternative maricer element 
embodiment; 
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Fig. 19 is a fix)nt elevation view of yet another alternative marker element 
embodimoit; and 

Fig. 20 is a front elevation view of still another alternative marker element 
embodiment 



Detailed Dejicrintion nf iho ffiYfllfiftn 

Now with more particular reference to the drawings. Figs. 4-8 illuslrate 
sequentially the deposit of a marker into a desired tissue location, utilizing a prefened 
embodiment of the inventioa Specifically, the marking instriunent 10 comprises a 
marker clement 12 which includes an umbrella end comprising a pair of attachment 
members or wings 14 and 16, and a center wire 18. All three wires 14, 16 and 18 are 
joined at the distal end 20 of the center wire 18, preferably by welding. At the 
proximal end 22 of the center wire is a deployment actuator or pull ring 24, which is 
preforably attadied by welding or brazing. 

To place the marker element 12 at a desired location, a biopsy needle or gun 
is preferably used, though other known delivery means could be used as well. For 
exanple, the stand-mounted biopsy instniment described in U. S. Patent Application 

SN 08/217,246, previously incorporated by reference into this application, is a 
prefemed instniment for introducing the marker element into the body of a patient 
One embodiment of such an instrument 26* is partially illustrated in Figs. 1-3. The 
biopsy instniment 26 includes a housing 28. A hollow outer pierxiing needle 38 is 
attached to the housing 28 at location 34. A distal end of the hollow outer piercing 
needle 38 includes a point 40. Hollow outer piercing needle 38 also includes a tissfue 
receiving port or bowl 42 (Figs. 2 and 3). A cannular inner cutter 44 is mpvably 
positioned coaxially within the hollow outer piercing needle 38 and housing 28. A 
vacuum line 46 supplies vacuum to ports 50 in the bottom of the receiving bowl 4i 
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C^jeration of the biopsy instrximent to facilitate the placement of a tissue 
marker is illustrated sequentially in Figs. 1-3. Fig. 1 illustrates the distal end point 40 
of the hollow outer piercing needle 38 in position to pierce a target tissue 51. The 
initial position of the point 40 with respect to the tissue area being mariced is 
detemiined by the overall position of the biopsy instrument with respect to the patient 
For example, the entire biopsy instrument may be mounted on a commercially 
available stereotactic guidance system (not shown) commonly used in the medical 
field for accurate positioning of a variety of medical devices with respect to a patient 
A detailed description of such a motorized biopsy needle positioner, i.e. stereotactic 
guidance system, is given in U.S. Patent No. 5^40,01 1, issued on August 31, 1993 to 
Michad Assa, which is hereby incoqwrated herein by reference. The suspect lesion 
within tissue 51 is to be targeted and mariced according to the instnicdons pix)vided 
witii the stereotactic guidance system. As shown in Fig. 1, the stereotactic guidance 
system has positioned tfie biopsy instrument 26 such that the distal end point 40 is 
immediately adjacent to the surfece of die tissue 51. Once the point 40 is adjacent 
die specific lesion to be mariced, the needle 38 is fired into die lesion such that the 
point 40 traverses through the lesion, diereby placing die tissue receiving bowl 42 in 
the center of the lesion. 

As shown in Fig. 2, after tiie hollow outer piercing needle 38 has been 
positioned at the precise location witfiin the tissue 51 at which it is desired to maiic 
tissue, die cutter 44 is moved proximally of die housing 28 to provide ah endy access 
for the tissue maricer deliveo' system. 

As shown in Fig. 3, a vacuum source attached to vacuum line 46 is actuated, 
Uiereby generating a region of low pressure at the vacuum ports 50 to facilitate the 
prolapse of tissue 5Ia immediately adjacent to the tissue receiving pott .42 into the 
hollow interior of hollow outer piercing needle 38. 

Now again refenririg to Figs. 4-8, the maricing instrument 10 includes a tube 
54. The center wire 18 nins axially tiirough a lumen 56 of die tube 54, with the pull 
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ring 24 being attached to the proximaJ end of the center wire 18, proximally of the 
tube 54. TTie distal end 20 of the center wire extends distally of the tube 54 and is 
joined to attachment members 14 and 16, as described above. 

In operation, the tube 54 of the maricing instalment is inserted into the 
patient* s body in the direction of the airow 58, as shown in Fig. 4, until the distal end 
20 of the center wire 1 8 approaches the desired location, adjacent to or in the 
abnontial tissue or lesion. Because direct visual access to the targeted tissue is 

impossible, an aided visualization device, such as the stereotacttc guidance 
described above, is used to guide the distal portion of the maiking instrument to the 
targaed tissue. Then, if the biopsy instrument shown in Rgs. 1-3 is utilized to dqjloy 
the markers, the targeted tissue 5Ia (Fig. 5) is vacuumed into the tissue receiving port 
42. Refemng particularly to Fig. 5, once the distal end 20 of the center wire reaches 
the targeted, vacuumed tissue, the ring 24 is pulled away fix)m the tissue in the 
direction of the amow.60. This action dqjloys the maricer attachment membexs 14 
and 16 as they are forced into a die fonned in the tip 62 of the tube. This die may 
take any desired fomi, dqjending upon the desired dqjjoyed configuration of the 
attachment membos 14, 16. 

With reference to Fig. 6, tension continues to be applied to the ring 24, in the 
direction shown by the anow 64, until the distal end of the marker is fully dqjloyed. 
Forcing the attachment members into the die 62 causes them to extend outwaidly, as 
illustrated, into the tissue. Their outward eneigy anchors the marker element 12 in 
the tissue for permanent implantation, the tips 66 and 68 of the attachment membeis 
may be configured to be less traumatic as an irnplant, or may alternatively be 
shaipened to provide a more secure grip. At full deployment, the width of the 
umbrella end of die marker element is preferably about .035 to .045 inches, though 
other sizes may be utilized \yithin the scope of the invention. 

Now referring to Fig. 7, eyen after the attachment membeis 14 and 16 have 
been fiUly deployed the pull ring 24 is pulled to fiirther increase tension in the 
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direction of the arrow 70, until the center wire 18 is sheared at a point of weakness or 
detent 72 (see Figs. 4-6) which is established in the center wire 18 proximally of the 
tip 20. Once failure has occurred, the pull ring 24 and the proximal portion 18' of the 
center wire may be discarded as they are severed fix)m the marker element 12 and 
remaining distal portion 18" of the center wire. 

Finally, with reference to Fig. 8, to fmish placing the marker element 12, the 
tube 54 is withdravyn in the direction of the arrow 74, as illustrated The marker 
element is thereby permanently secured to locate the lesion site for future examination 
by known imaging, methods. 

In the jxeferred embodiment, the marker element 12 is fabricated of stainless 
steel. However, many odier biocompatible, radiopaque, implantable materials may be 
used fcH- the marker elemait 12 as well, including, for exanq>le, titanium, tantalum, or 
nickel-titanium alloys. Additionally, wWle a 3-pronged umbrella end is shown and 
desoibed, any numbo* of prongs may be used, if desired. 

While it is preferred that the markq- elemqit 12 be dqiloyed using the biopsy 
instrument desaibed and shown in Figs. 1-3, any instrument c£^le of delh/mng tfie 
element percutaneously may be utilized. Sudi instnimoits, for exanple, may indude 
the hand-held biopsy gun described in U.S. Patent No. Re. 34,056, entitled "TISSUE 
SAMPLING DEVICE" and issued to Lindgren et al. All of these types of 
instruments include a tube (typically a cannula or needle) v/tndti is adapted to enter 
the body, and would be capable of delivering the marker elonent It is also within 
the scope of the invention to deliver the marker element through any tube wiiidi has 
access to the body or using optical medical instrumaits, such as endoscopes, 
arthroscopes, or laparoscopes, in which case the marker elemoit is delivered to the 
desired tissue site from outside the body of the patiait, throu^ the body of the 
instrument 

Now with reference to Figs. 9-1 1, an alternative embodiment of a marking 
instrument 10a is shown, whidi is identical to the instrument 10 in all respects not 
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shown or described herein. Portions of the instniment 10a corresponding to portions 
of the instmment 10 are designated by corresponding reference numerals followed by 
the letter a. 

The Fig. 9 embodiment is substantially similar to the Fig. 4 embodiment, in 
that the marking instrument includes a tube 54a which has a lumen 56a, and may 
utili2e a cannula, needle, or imaging instniment (l.e. endoscope, laparoscope, or the 
like) for access to a delivery site within the body and to aid in delivery. Again, as is 
the case for all succeeding embodiments, it is preferred that the tube 54a utilize the 
hollow outer piercing needle 38 of the biopsy instniment shown in Figs. 1-8, though 
any bdier instniment which is capable of delivering a marker percutaneously or 
through a body orifice fix)m a location outside the patient* s body may be utilized A 
center wire 18a nms longitudinally through the lumen 56a At the proximal end of 
the center wire 18a is a deployment actuator or pull ring 24a. At the distal end ofihe - 
center wire is the marker element 12a. 

A primary difioience between the Fig. 4 and Fig. 9 embodiments is that the 
Fig. 9 marker element 12a is preferably a generally "U" shaped element resembling a 
surgical ligating clip, having tips 66a and 68a, which is captured by the distal looped 
end 20a of the twisted center wire. In operation, once the tips 66a and 68a of the 
maridng element 12a reach the tar^geted tissue, the ring 24a is pulled rightwardly in 
the direction of the anow 76 (Fig. 10). This action retracts the base portion 78 of the 
marker element 12a into a fonming recess 80 (Fig. 9), wherein the rroessed tube wall 
82 forces prongs 86 and 88 together until tips 66a and 68a of the prongs 86 and 88, 
respectively, contact or nearly contact one another (Fig. 10). At this point, increasing 
tension applied to the pull ring 24a causes the wire 18a to fail at a point of weakness 
or detent (not shown) provided in the center wire at or near its tip end 20a, thereby 
releasing the marker into the target tissue, as illustrated in Fig. 1 1. 

Refening now to Fig. 12, a second alternative embodirnent of a marking 
instniment 10b is shown, which is identical to the instniment 10 in all respects not 
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shown or described herein. Portions of the instniment 10b corresponding to portions 
of the instrument 10 are designated by corresponding referoice numerals followed by 
the letter b. 

The Fig. 12 embodiment is substantially similar to the Fig. 4 embodiment, in 
that the marking instrument includes a tube 54b which has a lumen 56h, and may 
utilize a cannula, needle, or imaging instrument (i.e. endoscope, lapaipscope, or the 
like) for access to delivay site within the body and to aid in delivay. 

There\are two primary differences between the embodiments of Figs. 4 & 9 
and that of Fig. 12. First, in the Fig. 12 embodiment, a plurality of maiker elements 
12b (two are shown, though any number may be employed) may be preloaded into 
the tube 54b, each comprising a pre-formed spring whidi is dqjloyed tfirou^ die 
tube's distal re^on 90 in an axial directioa Second, the nature of the deployment 
medianism utilizes a compressive rather than tensile force. It may Airther be noted 
that, though end deployment of the marker elements in the Fig. 12 embodiment is 
illustrated, they may be similarly deployed radially throu^ a side port (not shown) in 
tube 54b, or at any other angle, to accommodate delivery throu^ an existing 
instrument (i.e. cannula, needle, endoscope, laparoscope, or the like). In being 
deployed radially, die distal region 90 is not used for passage of the marker element 
and could be utilized to house a piercing element (not shown) siinilar to that ^own in 
Hgs. 1-3. Armed with the pierdng element, this markor delivery system would not 
be dqjendent on a positioning system as described in Figs. 1-3 for placement at. the 
tissue site and could be used alcwie in conjunction with a commOT:ially available 
stereotactic or other guidance systan. This concept may be applied to all subsequent 
embodiments except that illustrated in Fig. 16. 

Still with reference to Fig. 12, each marker element or spring 12b preferably 
includes a center coil 92 from which a pair of attachment members 94 and 96 extend, 
and is adapted to automatically attach itself to the target tissue by utilizing its own 
stored energy. Thus, in operation, each spring 12b is held in a compressed position 
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within the tube 54b. When it is desired to deploy the maricer, a mandrel 98 is 
preferably utilized to push the spring 12b dirough the center lumen 56b and out 
through the distal open end 90 of the tube. Once the spring exits the tube, stored 

energy causes the attachment members 94 and 96 to expand outwaixily, as sho^vn. As 
this expansion occurs, the tips 102 and 104 of the attachment membeis 94 and 96, 
respectively, anchor themselves into the Ussue to pemianentiy secure the marker ' 
element in the desired locatioa As with the Fig 4 embodiment, die tips 102 and 
104 may be blunt to be less traumatic as an implant, or may alternatively be 
sharpened or barbed to provide a more secure grip. Once a spring has been deployed, 
the instmment may be repositioned to the next desired location for the immediate 
deployment of another maricer until the supply in the tube 54b is exhausted, 

eliminating the need to remove and reload the maridng instiumert 10b between ea^ 
deploynnoiL 

Again in this embodiment, the spring 12b may be fabricated of any known 
biocompatible, implantable, radiopaque material, though stainless steel is prefmed. 
Additionally, die forces required to dq,loy the attachment member on the spring may 
be customize by varying the spring filar, dimensions, material, and/or the number of 
coils in the torsional part of the spring. 

Fig. 13 illustrates another alternative embodimait of the maricing instrument 
10, which is identical to the instnmient 10b of Fig. 12 in all respects not shown or 
described herein. Pbrtions of die instrument 10c coiresponding to portions of the 
instmment lOb of Fig 12 are designated by con^ponding reference numerals 
followed by the letter c. 

In actuality, the Fig. 13 embodiment is substantially identical to that of Fig. 
12, excqit for the shape of each spring 12c, and is employed in precisely the same 
manner. Thus, to deploy a marker element I2c the mandrel 98c is utilized to push 
the spring I2c through the center lumen 56c and out through die distal open end 90c 
of die tube. As in die Fig, 12 embodiment, die maricer element travels in the 
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direction of the arrow lOOc, until the attachment members 94c and 96c extend 
ouhvardly sufficiently to anchor themselves to the target tissue. Also, the Fig. 13 
embodiment is similar to the Fig. 12 embodiment in that the instrument may be r^ 
positioned to immediately deploy another marlcer element without reloading, and 

marker elements may be deployed radially through a side port in tube 54c (not 
shoun), or any other angle, to accommodate delivay through an existing instniment 
cannula, needle, endoscope, laparoscope, or the like). 

Fig. 14 shows still another alternative embodiment of the marking instniment 
10, \vhich is also substantially identical to the instrument lOb of Fig. 12 in all 
respects not shown or described herein. Portions of the instrument lOd conesponding 
to portions of the instnm^nt 10b of Fig. 12 ar^ designated by corT^ponding reference 
numerals followed by the letter d. 

Again, the Fig. 14 embodiment is substantially identical to th(^ of Figs. 12 
and 13, excq>t for the shape of the marker element or spring 12d A marker element 
12d is deployed preferably using a mandrel 98d or the like to push the spriiig 12d 
through the center lumen 56d until it exits through the open end 90d of the tube. As 
in the Figs. 12 and 13 embodiments, the marker element travels iri the direction of the 
arrow lOOd, until the tips 102d and 104d extend outwardly sufficiently to anchor 
themselves to the target tissi^ 

In practice, a radiologist or othq- operator of the equipment can use a warker 
shaped like marker 12b, as shown in Fig. 12, during one biopsy, then use a differ«,tly 
shaped marker, such as the marker I2c in the Hg. 13 embodiment, or the marker 12d 
in the Fig. 14 embodiment, during a subsequent biopsy pit)cedure. The differently 
shaped markers permit the distinction between different biopsy procedures during 

future imaging procedures, as well as between biopsy sites whidi may be 
proximity, thereby improving the information available to tiie radiologist and thus the 

ability to monitor or diagnose the patient's future condition more precisely. 
Fig. 15 illustrates yet another alternative embodiment of the marking 
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instrument 10, which is also substantially identical to the instrument 10b of Fig. 12 ii 
all respects not shown or described herein. Portions of the instrument lOe 
conesponding to portions of the instmment 10b of Fig. 12 are designated by 
corresponding reference numerals followed by the letter e. 

In this embodiment, each marlcer element 12e is deployed distally thrxxigh tfie 
open distal region 90e of the tube 54e by a mandrel 98e, much as in the previous 
embodiments shown in Figs. 12, 13, and 14. The primary difference, hovvever, 
between this embodiment arid the previous embodiments is that, while the maiter 
elements in the previous embodiments rely largely on the baited nature of the spring 
to secure themselves in the tissue, in this embodiment, the springs are secured simply 
because oftheir significant expansion upori exit fix>m the tube. This embodiment 
particularly lends itself to maridng the boundaries of a biopsy or other desired site by 
defining the perimeter of the site.^ The expansion of the spring 12e causes the blunt 
edges 102e and I04e to press outwardly against the selected tissue, thereby wedging 
the spring securely into position. 

An advantage of this embodiment is that, because of the tight compression of 
the springs 12e within the tube 54e, a larger number of maricers can be inserted 
therein simultaneously, thereby pemiitting the deployment of more mariceis without 
having to pause and disenga^ to re-load. 

Another advantage the Fig. 15 embodiment pix>vides is the ability to dqjiqy 
springs adapted to expand to a number of different sizes all fiom the same lumen. 
Larger sized springs would require more coils within a given lumen than smaller 
isized springs (not shown). 

It should be noted that the springs need not be limited to the configuration 
illustrated, but could include any spring of any configuration wWch expands to secure 
its position. While stainless steel is presently preferred, any other biocompatible, 
implantable, and radiopaque material could be used alternatively. Also as in the 
previous embodiments, marker elements may be similarly deployed radially through a 
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side port in tube 54e (not shown), or any other angle, to accommodate delivay 
through an existing instmment (i.e. cannula, needle, endoscope, laparoscope, or the 
like). 

Still another alternative embodiment of the marking instrument 10 is shown in 
Fig. 16. In this embodiment, the maildng instrument lOf comprises a tube 54f. \^rirei 
segments 106 of any desired lengdi are preloaded into the lumen 56f, which nins 
along substantially the entire length of the tube 54 f. Once the needle is properly 
positioned, the marker elements 12f are deployed by pushing them out of the tip of 
thie needle, through the side exit port 108. A curved portion 1 10 of the lumen 56f 
comprises a die pprtion, and is adapted to form the wire segments 106 into helical 
marker elements 12f as they pass therethrough, pushed by a mandrel (not shown) or 
other known means fix)m the tip of the needle through the exit port 108. The nature 
of the curve or curves in the die portion 1 10 and preformed curves imparted into the 
wire segments determine the final shape (wWch resembles a partial or whole helbc) 
and dimensions of the marker element 

This embodiment is versatile in that it is capable of continuously deploying 
any number of marker elemwits without the necessity of re-loading, since all that is 
required is a continuous feed of wire segments into die proximal region of the tube 
54f. Furdiemiore, differently sized and shaped helbcfes may be delivered in the same 
procedure by utilizing marker wires of different diameters and/or prefomied curves, 
whidi apjxoximate different helical shapes as they pass through the die portioa 
Thus, loading a plurality of different sizied wires into the needle yields a pIuraliQr of 
different shaped maricers. 

Of course, as with the previous embodiments, although stainless steel is 
presently preferred, many different types of biocompatible, implantable, and 
radiopaque materials could be utilized within the scope of the invention. Also as in 
the previous embodiments, marker elements may be similarly deployed at different 
angles to accommodate delivery throu^ an existing instrument (i.e. cannula, needle, 
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aidoscope, laparoscope, or the like). 

Unlike previous embodiments. Fig. 16 preferably incorporates a piercing 
element 1 12 enabling this maricer to be delivered without the aid of the positioning 
system described in Figs. 1-3 for placement at the tissue site. This embodiment could 
be used alone in conjunction with a commercially available stereotactic or other (l.e. 
ultrasonic) guidance system. 

Tliough a number of different embodiments of the conceptual invention have 
been described and shown, it is considered to be within the scope of the invention for 
the marking elements and deliveiy instruments to lafce on many other forms. 
For example, embolization coils like that illustrated in Fig. 17 and designated with 
reference numeral I2g are well known in the medical field for placement into vessels 
such as veins and arteries in order to block off fluid flow abnormalities (such as 
fistulas and arteriovehous malformations). These coils have been made of various 
materials, including stainless steel, platinum, and gold, and are wound into 
configuration similar to that of a light bulb filament They are generally placed into 
tiie body using a catheter or trocar system. The inventors in the present application 
have discovered that such coils may iiideed also be used as marker elements, for 
permanent implantation in target tissue, in a manner similar to that described 
previously with respect to Figs. 1-16. 

Maricer elements of many other materials and configurations may be used as 
welL For example, one such multi-appendaged jack^shaped maricer 12h is illustrated 
in Fig. 18. Additionally, small beads I2i (Fig. 19) of calcium carfjonate or other 
radiodense materials, which are highly visible by mammographic imaging, could be 
dqjioyed as maricer elements. One such application would be to place a plurality of 
such beads or pellets (each having a diameter of about 500^) around the entirety of a 
breast lesion prior to the extraction procedure, which would then serve as guides to 
ensure that all of the margins had been removed. During subsequent imaging 
procedures, they would function to denote the location of the previous biopsy for 
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refaence purposes. 

Referring now to Fig. 20, yet another aJtemadve maricer element 12j, which is 
of a woven construction, is illustrated. Other such marker materials may include 
adhesives and epoxies which would be injected at the biopsy site. Biodegradable 
polymers and other plastics could also be used, as long as they are biocompatible, 
implantable, and visible using an imaging systan. 

While this invention has been described with respect to various specific 
examples and embodiments, it is to be understood that the invention is not limited 
thereto and that it can be variously practiced within the scope of the following claims. 



BEST AVAILABLE COPY 



